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Abstract 
Laser ribbon bonding is a new field of application for laser micro welding in the electronics industry especially in the area of
power electronics. Traditional ribbon bonding is conducted by using ultrasonic welding to create the bond between the aluminum 
or copper ribbon and a conductive surface. By adapting an ultrasonic ribbon bonder and equipping it with a fiber laser, a 
galvanometric scanner and a beam focusing and delivery system, a new technology for ribbon bonding is created. The presented 
work includes test results of the welding of copper ribbons with a thickness of 300 µm to DCB-substrates† and the system design 
of the “laser bonder”. For the laser welding of the ribbons spatial power modulation is being used and the effect of this approach 
on the welded ribbons is presented. The work concludes with advantages and limits of the technology especially concerning the 
applications compared to ultrasonic bonding. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and blind-review under responsibility of the Bayerisches Laserzentrum GmbH. 
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1. Introduction 
The major challenge in welding copper or aluminum ribbons onto DCB-substrates without damaging the ceramic 
layer is creating a stable and high strength connection. The usage of spatial power modulation, a linear feed with a 
* Corresponding author. Tel.: +49-241-8906-613 . 
E-mail address: Benjamin.mehlmann@ilt.fraunhofer.de 
† DCB-substrate: Direct Copper Bonded substrate, a ceramic substrate often based on Al2O3 with a copper coating on both sides. 
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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superposed circular modulation (fig. 1), offers the possibility to control weld depth very precisely and it also 
increases the strength of the weld by increasing the area of the joint [1] The requirements for this approach are high 
beam quality (M² ~ 1) as well as high dynamics in beam movement [2, 3]. 
Fig. 1. Diagram of spatial modulation incl. necessary parameters. 
The usage of high brightness laser sources for welding of copper alloys has been introduced but a variation in 
weld depth is observed [4]. Disadvantageously, the connection area of an overlap joint welded by a high brightness 
laser beam is small, which renders it less suitable. Usually, in order to increase the seam width and thus the strength 
of the connection, an increase of line energy is necessary, simultaneously heightening the risk of damaging the 
ceramic layer. So in this paper, the usage of spatial modulation and its effect on joint quality are investigated. The 
spatial light modulation has already proven to be helpful when joining bronze to battery cans, without welding 
through [5]. 
In addition a standard ultrasonic boning machine is adjusted for a laser head. The machine supplies the ribbons 
and creates loops like the ones displayed in fig. 2.  
a)   b)  
Fig. 2. DCB-substrate with laser welded copper ribbons (300 µm thick, 2 mm wide): connection to an external terminal (a); loops with two welds 
each on DCB-substrate (b). 
The goal for the laser bonding machine is especially the usage of copper ribbons, which right now require a large 
amount of force when joint by ultrasound. This force often destroys sensitive layers beneath the joining layer. Laser 
welding could be an alternative for the ultrasound. 
2. Experimental setup for test welds of copper ribbons 
In this study a cw fiber laser (O= 1070 nm, M²~ 1.1) with the maximal output power of 400 W is used. The 
optical setup for the experiments consists of a collimation unit (output beam diameter 10 mm), a galvanometer 
scanner (Scanlab intelliSCAN 25) and a telecentric lens (f= 80 mm). 
In this study, copper (Heraeus PowerCu) in the shape of ribbons is lap welded onto the copper coating of DCB-
substrates. The ribbons are usually used for ultrasonic bonding. The DCB-substrate is based on a 630 µm thick 
Al2O3 ceramic layer working as electrical isolation but also as a layer for heat conduction. Both sides of the 
ceramics are coated with 300 µm thick copper. 
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Fig. 3. DCB-substrate (front and back) used in this investigation. 
The ribbons have a cross-section of 2 mm × 300 µm. The ribbon is positioned by a clamping device, which 
fixates the ribbons on both sides of the welding area. The ribbon is welded diagonally (fig. 4 a) in a single line with 
a length of 1.8 mm, which is narrower than the width of the ribbons. 
a)    b)  
Fig. 4. (a) Drawing of welding configuration; (b) Drawing of the shear testing configuration. 
In this investigation, spatial power modulation is applied. Therefore, variation of amplitude, frequency and linear 
feed rate are conducted. The evaluation of the welded joints is conducted by shear test. In this study, the unit of 
shear force is grams, the accuracy of the testing machine is ±50g. Fig. 4 b shows the procedure of the shear test and 
the moving direction of the measuring head. Based on the results concerning the welding of copper ribbons a 
bonding head of an ultrasonic bonding machine is to be adapted for the usage of laser welding. 
3. Results and discussion of test welds 
In a first step, the variation of laser power and linear feed rate is conducted to determine the process window. 
Spatial power modulation is not being used, therefore the linear feed rate is varied up to 300 mm/s. Figure 5 a) 
shows the dependence of shear force over the laser power for different feed rates. As expected, the general tendency 
shows an increase of shear force for welds using larger laser power, as well as a decrease in shear force for welds 
using higher feed rates. An exception to this behavior occurs at v= 50 mm/s and P 380 W, which is probably 
caused by damage to the ceramics and therefore creating melt pool defects. 
a) b)  
Fig. 5. (a) Measured shear force over laser power for different linear feed rates for welds without spatial power modulation; (b) Measured shear 
force over laser power for different linear feed rates for welds with spatial power modulation (a=0.2 mm, f=1 kHz). 
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Figure 5 b) shows the dependence of the measured shear force over the applied laser power (parameters for 
spatial power modulation: a= 0.2 mm, f= 1 kHz). Compared to welds without spatial power modulation a strong 
increase in measured shear force is visible. Due to the oscillation movement of the laser beam, the weld width is 
increased, which only applies for welds with feed rates up to 150 mm/s. For welds using v= 250 mm/s, an increase 
is not visible due to the lack of overlap of the oscillation movement (compare [2]). Also welds using the parameter 
combination v= 50 mm/s and P= 400 W exhibit a large spread and a reduction in measured shear force, which 
indicates damage to ceramic layer. 
The results of the variation of the oscillation frequency are displayed in fig. 6. For the lower feed rate (fig. 6a) an 
influence of the oscillation frequency is visible. A higher laser power is necessary in order to achieve the same 
measured shear forces. This indicates that the lower overlap created by the lower oscillation frequency is important 
in the context of materials like copper with high heat conductivity. Concerning higher feed rates (fig. 6b), the 
achieved shear forces are smaller compared to welds with v= 50 mm/s.  
a) b)  
Fig. 6. Measured shear force over laser power for different oscillation frequencies for welds using an amplitude a= 0.2 mm and linear feed rates 
(a) v= 50 mm/s and (b) v= 100 mm/s. 
Concerning the variation of the oscillation amplitude (fig. 7), depending on the chosen laser power a smaller 
amplitude can achieve higher shear forces up to about 340 W for v= 50mm/s (fig. 7a). Similarly, shear forces up to 
about 360 W result from v= 100 mm/s (fig. 7b). Since the larger amplitudes display a higher local feed rate, this is 
conclusive because the weld depth is low or even too low for creating stable connections. Therefore, higher power 
levels are needed to result in an adequate shape of the meld pool. Also, for fig. 6 and fig 7, we have to take into 
account that the galvanometer scanner is not capable of achieving the full amplitudes depending on the frequencies. 
According to the calculation in [2], the actual amplitude for the frequency f= 750 Hz is between 170 and 185 µm 
compared to the amplitude at a frequency of f= 1 kHz being about 150 µm for the galvanometer scanner in use. 
a) b)  
Fig. 7. Measured shear force over laser power for different oscillation amplitudes for welds using a frequency f = 1 kHz and linear feed rates 
(a) v= 50 mm/s and (b) v= 100 mm/s. 
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Summarily, the laser system in use – limited to 400 W – and a lens with a focal length of 80 mm is applicable for 
welding copper ribbons to DCB-substrates. Using spatial power modulation, the process window as well as the 
measured shear forces can be increased. These findings are functioning as a basic set of parameters for the 
construction of the laser bonding machine prototype.  
4. Construction and setup of laser bonding machine 
Based on the data at hand a standard Delvotec Bonding machine is to be refitted for laser welding. In order to 
keep the system compatible to existing bond heads the optical head is attached to a standard bond head from the side 
(fig. 8). The Laser beam is deflected by a galvanometer scanner (Scanlab ScanCube 8.5), reflected by a mirror, then 
focused by a lens (f= 100 mm) and then reflected towards the ribbon again. The angle of incident on the ribbon 
deviates about 12° from the perpendicular incident. These changes have to be made due to size and positioning 
restrictions of the prototype. In addition, a scanner with a smaller aperture, compared to the one used in the test 
welds, must be used due to weight concerns. Therefore, the laser beam is collimated to a diameter of 5 mm before 
entering the scanner. 
a)  b)  
Fig. 8. (a) Drawing of “laser bonder head”; (b) photo of “laser bonder head”. 
Especially the bond tool, which is usually transferring the ultrasonic power to the ribbon and which deforms the 
ribbon, is replaced with a newly designed tool. This new tool acts as a clamping device for the ribbon. Its head is 
placed in the bonding machine and a communication program between the laser and scanner controller system and 
the bonder machine is created. The movement of the bonding head is limited to a rotational movement of 180° in 
horizontal plane due to the laser fiber and for this prototype the movement speed of the head in x-, y- and z-axis is 
reduced. These limitations only affect the axis system of the bonder for the head and ribbon movement. The 
movement conducted by the scanner included in the bonding head Is not limited by this. 
Due to the optical concept, the laser spot size on the ribbon – which is in focal position on the top of the ribbon – 
has increased compared to the configuration for the tests. Also, the clamping of the tool is not as efficient as the 
clamping for the flat ribbon used for the tests. In order to overcome those difficulties two weld seams about 0.1 mm 
apart from each other are used. 
As displayed in fig. 9, a high shear force can only be achieved by using maximum output power and therefore 
also a large weld depth of about 120 µm into the DCB-substrate is necessary. Especially the second bonds, after 
which the cutting of the ribbon is conducted, tend to have a problem with clamping due to the necessary forming of 
the ribbon (see fig. 2 b) to achieve a zero gap during the process. 
 Benjamin Mehlmann et al. /  Physics Procedia  56 ( 2014 )  776 – 781 781
Fig. 9. Measured shear force for copper bonds produced with laser bonding head (2 weld seams, a= 0.1 mm, f= 1 kHz) and cross-sections of the 
welds.
5. Conclusion 
When welding copper ribbons to DCB-substrates, the process window and the measured shear forces can be 
increased by using spatial power modulation.  
Although the optics concept needed adjustments compared to the concept used in the test welding of ribbons, the 
prototype of the laser bonding machine is built and its usability has been proven. Additionally to the geometric 
limitations due to limited movement area, results show that for the achievement of high shear forces a larger weld 
depth is needed. This will limit the usage of the prototype to substrates with a thickness of copper coating of 200 µm 
and above. In a next step, the prototype should be adjusted and especially the bonding head should be overhauled so 
that a system is created that is more stable and less susceptible to dust.  
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